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Introduction: The utility of aerogel as a capture me-
dium for hypervelocityparticles has been demonstrated for
relatively dense, competent projectiles, such as powdered
minerals, or glass and metal-sphereg( 1, 2, 3). Many
natural particlesnay belesscompetent, andnay even in-
clude friable objects. Experimental confirmatidrat such
particles can be successfulisapped by aerogel has been
elusive, because materials of low compressivaeaosile
strength tend to disintegrate at gravitational accelerations of
10 to 10 g that areypically associatesvith light-gasguns
or plasma-drag accelerators. Using a small caliber (5 mm)
light-gas gun we developed two methdbat simulate the
impact of poorly cohesive, ifnot strengthless, projectiles
into aerogel at ~6 km/s.

Collisional Disruption: Dispersion angle, grain size,
and other properties of debris clouthat emanate down- {B)
range frompenetrated targets depend systematically on the
target thicknessT relative to the projectile diameteb),
as demonstrated from witness-plate observaiiénsrfrom
in situ, high-speed optical photographyand/or X-
radiography(5). Relatively coarse-grained, modestly dis-
persing beams of projectile fragments emaraim very
thin targets Dy/T > 10). Consequently, we collisionally
disrupted soda-lime glass spherBg € 50 pm)upon pene-
tration of aluminum foils T = 0.8 to 4um) and intercepted
the resulting fragment clouds with aerogel collecfordieu
of witness plates) located behind the foil. In addition to the
impact velocityand foil thickness, we variethe standoff
distance I() of the aerogel specimen relative to the pene-
trated bumper-foil. At otherwise constant impacindi-
tions, this procedure allowed for theometric manipulation
of the radial separation distancengfighboring fragments,
so that either tight clusters or substantially diffuse swarms
of fragments would encounter the aerogel collector. 4

Representative results, using 4 pm aluminum foils and
aerogel collectors of 0.08/cn? density, are illustrated in
Figures A-F. A typical, polished Cu-witnegkate, at. = 4
mm, is shown in Figure A, while Figures B and C represent
typical aerogel impacts at= 2 and 15 mm, respectively, all
at a constant impact velocity) of approximately 6 km/s.
Notethe increaseffagment dispersion with increasihgin
Figures B and C. Clearly, the resolution of individual frag-
ment impacts is vastly superior the metal witness plate
compared to aerogel, where closely spamed overlapping
impacts coagulate into massive penetration holes in the
brittle aerogel target. Figure D is a cross-section of the |
event illustrated in Figure C and displays numerous pene
tration tracks of various lengths, thus attesting tarttEact
of many particles of variable sizes. Most of theassive
tracks in Figure D contain projectile residue in foam of
black dots at their tips. Figures E andltow optical and
SEM photographs dhe aerogel surfac®r an experiment
atV = 6.6 km/s and. = 15 mm. Notehe presence of pro-
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jectile melts in theform of beaded stringers and/or partial
loops, andthat these strengthless liquids penetiégeply {E) .
into the aerogel targets. 5

Cocoa Powder: When experimenting with 50 pm %
spheres weypically employ “shot-gunning” methods and
load approximately 70-100 projectiles into a smaHindri-
cal cavity in the sabot. Availablevidence suggesthat
projectile break up during light-gas gun firings ocdaside
this cavity. Therefore, weoursued various approaches to
reduce the disintegration of the projectiles during launch.
One idea included the intimate mixing of projectiles with
very fine-grained powders, thiatter potentially providing
for some beneficial cushioningmong neighboring projec-
tiles. These mixtures wergently compressethside the
sabot cavity with a small plunger.

One of the powders utilized wasommercial cocoa.
Unlike other powders, during free flight, tleecoabroke
into numerous, small clodbat remainedufficiently coher-
ent to cause distinct, bulbous penetratiopsn impact with
the aerogel as illustrated in Figure G 6.2 km/s;aerogel
of 0.02g/cn). Long, thin tracks emanatinffom some of
these bulbous cavities are caused by nomeslprojectiles
(glass) that were part of an impacticmrcoaclod, andwhich
penetrate deeper than thmv-density, friablecocoamate-
rial. All features seen in Figure @re readilyreproduced.
Figure H illustrates the interior of a singtecoatrack O
viewed througtthe entrance hol& and revealdinely dis-
tributed cocogowder. Detailed chemical analyses of these
residues are being conducted elsewhere.

Caveat: The impact velocity for such projectiles cannot
be determined precisely. However, it should be close to
measured projectilgelocity for the collisionally produced
fragment clouds based ¢B). Theimpact ofcocoa clods
with the aerogel produces measurable light flashes, detecte:
via photodiodes and recorded by high-speed oscilloscopes
The oscilloscope traces reveakabstantial distribution of
impact velocities, with the earliest events being consistent ! ]
with the expected projectileelocity, while the last arrivals : T
are some 30-50% slower.

Conclusions Friable, porous particlescomposed of
compacted powderand totally strengthless, tightly clus-
tered particle beams and melield morphologically dis-
tinct penetration features in aerogel targéftheyalso leave
analyzable residues at impact velocities of ~ 6 km/s, the
typical encounter velocitgxpected fothe DiscoveryClass
STARDUST sample return mission to comet Wild 2.
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